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• Genotypes with greater root vigor at early stages show better adaptation to short-





Drought resistance in Urochloa grasses can be defined as the ability to produce more biomass 
and show less leaf senescence under water-limiting conditions. Previous research has shown 
that vigorous roots are essential for productive shoots in Urochloa humidicola. Increased early 
root vigor likely results in deeper and faster root growth, and thereby minimizing the negative 
effect that drought brought upon productivity of Urochloa grasses. The following work aimed to 
evaluate the variation in dry mass of 27 hybrids of Urochloa humidicola after two weeks of 
growth under well-watered and water-limiting conditions. We also conducted an experiment to 
establish differences in early root vigor (number and length of roots) developed after two weeks 
of growth in nutrient solution. We hypothesized that hybrids with more vigorous roots are more 
productive and are less stressed (less dead leaf biomass) under short-term drought.  
 
Materials and methods 
The trial was carried out in a greenhouse at CIAT headquarters, Palmira, Colombia (latitude 3 ° 
29 'N; longitude 76 ° 21 'W; altitude 965 m). During the course of the experiment, atmospheric 
conditions were recorded at a weather station (WatchDog 2475 Plant Growth Station, Spectrum 
Technologies Inc., USA) and run at an average temperature of 30/21 ° C (day / night), a relative 
humidity of 48/72% (day / night) and a maximum photosynthetic active radiation (PAR) of 1000 
µmol m2 s-1 (average daily value of PAR of 710 µmol m2 s-1). The soil used in this study was a 
Mollisol collected at CIAT facilities at 0–0.20 m from the soil surface. The soil was sieved to 
pass a 2 mm mesh. The plant material used in this study consisted of vegetative propagules of 
27 hybrids of Urochloa humidicola (plus four checks, CIAT 679, CIAT 6133, CIAT 16888 and 
CIAT 16886 that were grown in pots filled with 4 kg of fertilized soil (milligrams of nutrient added 
per kilogram of soil: N 21, P 26, K 52, Ca 56, Mg 15, S 10, Zn 1.0, Cu 1.0, B 0.05 and Mo 0.05) 
and well irrigated conditions. Plant materials were developed and obtained from the U. 
humidicola  hybrid program of CIAT (now the Alliance of Bioversity-CIAT). Each propagule was 
visually selected for its homogeneity (0.04-0.10 m in length). The propagules were then 
replanted in a 2: 1 (weight / weight) mixture of soil and river sand that was previously fertilized 
(milligrams of added nutrient per kilogram of soil mix: N 40, P 50, K 100, Ca 101, Mg 28, S20, 
Zn 2.0, Cu 2.0, B 1.0 and Mo 1.0) This fertilization rate represents the recommended fertility 
level for the establishment of crops and pastures (Rao et al. 1992). After fertilization, the soil 
mixture was allowed to air dry for a couple of days. The soil mixture presented an apparent 
density (ρ soil) of 1.5g cm3, 6% organic matter and a pH of 7.5. After air drying the soil, 1.5 kg of 
soil mixture was inserted into plastic pots (1.2 liters). The soil mixture was then saturated with 
water and allowed to drain for a couple of hours. After that, field capacity of soil was determined 
for each soil cylinder. After that, a propagule ∼0.01 m below the soil surface was planted in 
each pot and watered daily to maintain field capacity under greenhouse conditions for 14 days.  
 
 
Subsequently, a factorial combination of 27 hybrids (plus four checks) was established by two 
conditions of water supply (well-watered and progressive drying of the soil) in a randomized 
complete block of four repetitions. The experiment was carried out for 14 days. After that, dry 
mass were determined (independently for culms, green leaves, dead leaves and roots) after 
samples were oven dried at 60 ° C for 96 hours. The proportion of green leaves to total leaves 
(Green leaf proportion = green/ green + dead leaves * 100), leaves to shoot (shoot = culm + 
leaves) ratio and root to shoot ratio were also calculated. 
 
Nutrient solution experiment 
A half-strength Hoagland nutrient solution bubbled with air was used. Propagules as those 
previously described were used and placed into nutrient solution for one week (five replicates 
per genotype). The number and length of roots for each plant was recorded after one growth in 
nutrient solution.  
 
Statistical Analyses 
Analyses of variance and least significant difference (LSD at α 0.05) were performed for each 
trait under the two watering treatments. T tests were performed to compare the effect of 
treatments upon traits for each genotype.  
 
Results and discussion 
• Water-limitation resulted in smaller plants with increased leaf senescence in most 
hybrids (Table 1).  
 
• Larger hybrids (i.e., greater shoot dry mass) under well-watered conditions also showed 
greater shoot dry mas under water-limiting conditions (Figure 1).  
 
• Variation in shoot dry mass among hybrids under water-limited could be explained to 
great extent by the variation of their root systems. In general, hybrids with greater root dry mass 
roots showed greater green leaf biomass production (Figure 2). 
 
• Hybrids that showed a greater root vigor in early stages (more and larger roots, as 
shown by the nutrient solution experiment, Table 2) were those that showed greater green leaf 
















Table 1. Dry mass production and ratios under two watering conditions (Well-Watered, W 
and Water-Limited, W) after 14 days of growth. Asterisks represent statistical differences 
among treatments at α 0.05. LSD: least significant difference. 
 Dry mass (g plant-1)   
  Culms   
Green 
Leaves   Roots   
Leaf to 
shoot 
ratio   
Root to 
Shoot 




Hybrids  WW WL   WW WL   WW WL   WW WL   WW WL   WL 
181 0.92 0.74   0.58 0.60   0.41 0.39   0.38 0.44 ** 0.36 0.27 ** 100.0 
503 0.52 0.42   0.54 0.34 ** 0.31 0.25   0.51 0.44 ** 0.34 0.34   62.3 
550 0.92 0.61 ** 0.90 0.41 ** 0.64 0.43 ** 0.50 0.38 ** 0.41 0.34 ** 46.3 
562 0.77 0.89   0.73 0.72   0.70 0.72   0.49 0.44 ** 0.49 0.40 ** 99.2 
564 0.68 0.43 ** 0.61 0.32 ** 0.57 0.31 ** 0.48 0.44   0.40 0.44   53.3 
692 0.49 0.51   0.54 0.48   0.40 0.33   0.53 0.49   0.41 0.33   90.0 
724 0.42 0.41   0.39 0.35   0.30 0.25   0.46 0.46   0.45 0.34 ** 88.5 
1351 0.60 0.35 ** 0.48 0.34   0.36 0.18   0.45 0.47   0.41 0.28 ** 71.7 
1622 0.49 0.32   0.46 0.34   0.37 0.33   0.48 0.51   0.44 0.49 ** 74.2 
1756 0.65 0.30 ** 0.52 0.32 ** 0.47 0.25 ** 0.45 0.50 ** 0.47 0.41 ** 61.7 
1763 0.48 0.55   0.59 0.45   0.35 0.29   0.55 0.45 ** 0.37 0.29 ** 75.4 
1767 0.64 0.57   0.57 0.40   0.42 0.34   0.47 0.41 ** 0.41 0.34 ** 69.8 
1771 0.25 0.27   0.19 0.23   0.14 0.22   0.39 0.46 ** 0.41 0.42   91.5 
2185 0.50 0.52   0.46 0.51   0.26 0.34   0.49 0.49   0.36 0.32   100.0 
2532 0.69 0.61   0.62 0.45 ** 0.30 0.31   0.48 0.38 ** 0.32 0.30   71.9 
2542 0.74 0.43 ** 0.74 0.44 ** 0.53 0.37   0.50 0.51   0.42 0.41   59.6 
2567 0.43 0.36   0.38 0.26   0.29 0.18   0.47 0.41 ** 0.43 0.29 ** 69.4 
2810 0.48 0.37   0.49 0.26 ** 0.32 0.25   0.51 0.39 ** 0.40 0.39   52.7 
2941 0.43 0.38   0.35 0.31   0.18 0.16   0.44 0.44   0.34 0.22 ** 86.5 
3112 0.47 0.42   0.52 0.36   0.43 0.26   0.53 0.50   0.41 0.36   69.8 
3249 0.36 0.48   0.39 0.52   0.25 0.43   0.51 0.50   0.40 0.43   99.3 
3916 0.39 0.38   0.46 0.35   0.32 0.28   0.55 0.47 ** 0.41 0.35 ** 76.8 
4059 0.51 0.43   0.53 0.43   0.40 0.34   0.51 0.50   0.43 0.38   81.6 
4067 0.61 0.62   0.68 0.59   0.60 0.45   0.54 0.49 ** 0.46 0.38 ** 86.3 
4243 0.81 0.63   0.90 0.57 ** 0.62 0.42 ** 0.53 0.47 ** 0.40 0.35 ** 63.3 
4956 0.35 0.29   0.38 0.22   0.28 0.14   0.51 0.43 ** 0.43 0.28 ** 43.8 
4970 0.38 0.26   0.43 0.21 ** 0.28 0.17   0.52 0.45 ** 0.38 0.35   48.6 
Checks                                 
CIAT 679 1.14 1.21   0.86 0.78   0.78 0.72   0.43 0.42   0.47 0.39 ** 90.9 
CIAT 6133 0.78 0.70   0.65 0.60   0.44 0.27   0.45 0.47   0.39 0.21 ** 69.4 
CIAT 16886 0.77 0.53 ** 0.80 0.55 ** 0.58 0.39   0.51 0.50   0.41 0.36 ** 68.3 
CIAT 16888 0.93 0.63 ** 0.77 0.50 ** 0.72 0.37 ** 0.46 0.45   0.47 0.33 ** 65.1 
Average 0.60 0.50 ** 0.56 0.43 ** 0.42 0.33 ** 0.49 0.46 ** 0.41 0.35 ** 74.2 




Table 2. Root length and number of roots developed after one week of growth in 








181 0.31 2.50 
503 0.19 2.00 
550 0.34 3.25 
562 0.32 3.25 
564 0.22 1.75 
692 0.24 2.25 
724 0.19 1.50 
1351 0.16 1.25 
1622 0.16 1.25 
1756 0.23 1.50 
1763 0.23 2.00 
1767 0.22 1.25 
1771 0.10 1.00 
2185 0.21 2.00 
2532 0.21 1.75 
2542 0.28 2.50 
2567 0.17 1.00 
2810 0.20 2.00 
2941 0.15 1.75 
3112 0.21 2.00 
3249 0.24 2.00 
3916 0.23 2.25 
4059 0.26 2.50 
4067 0.33 3.25 
4243 0.37 3.25 
4956 0.18 1.75 
4970 0.18 2.00 
Checks     
CIAT 679 0.43 3.25 
CIAT 6133 0.29 3.00 
CIAT 16886 0.33 2.75 
CIAT 16888 0.33 2.00 
Average 0.24 2.12 








Figure 2. Relationship between root and green leaves dry masses after 21 days of growth 




Figure 3. Relationship between root length (nutrient solution, one week of growth) and green 




Figure 4. General aspect of two U. humidicola genotypes (CIAT 679 and a hybrid, Bh-16 4956) 







• Further testing of the evaluated hybrids needs to be performed under field conditions 
combined with measurements of shoot traits relevant to water-limited conditions (control of 
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